Wiener deconvolution, [7, 8] a super-resolution spectrum extrapolation technique [9, 10] and simultaneous peak detection within several C-scan gates. All of these functions may be carried out concurrently during data acquisition or, alternatively, data may be acquired and transferred directly to a larger computer for further processing.
ULTRASONIC DATA ACQUISITION SYSTEM
In order to minimize the effort for the development of the ultrasonic data acquisition system, the IBM PC bus was selected as the basis for construction. This choice allowed the use of commercially available boards to perform the various processing tasks. A disadvantage of this configuration is the requirement for sequential processing of each A-scan, however, an increase in the overall processing speed has been attained by memory mapping of the data. An IBM/AT compatible computer using a 20 MHz Intel 80386/20 processor controls all bus operations. The remaining hardware components are contained on single IBM PC bus compatible boards. The system consists of the following components: A block diagram showing all components of the data acquisition and display system is presented in Figure 1 . The principal data acquisition components consist of an ultrasonic pulser-receiver and a high speed A/D converter. All standard pulser-receiver functions are accommodated and all are programmable. The received analogue signal is digitized at a resolution of eight bits at frequencies up to lOOMHz. Display of the images is accomplished via a frame buffer which provides RGB output to a video monitor. s·oftware utilities allow easy manipulation of the look-up-tables (LUT's) of the video controller. Displays may be generated using either a 16-level grey scale or a spectral colour scale.
A fixed 256 byte subset of the 2048 byte A/D buffer is memory mapped to either the external·memory buffer of the TMS 32020 board or to the video frame buffer, depending upon the requirement for signal processing. If there is no requirement for signal processing prior to image formation, the data is mapped to the frame buffer and displayed directly on the video monitor. This frame buffer has been subdivided into several regions, each region capable of displaying a single image with dimensions 256 x 256 pixels. The software interface to the frame buffer allows the concurrent display of several different image formats including an A-scan, a B-scan and amplitude and time-of-flight C-scans. Alternatively, data may be mapped by the external memory of the TMS 32020 development board for further processing by the signal processing subsystem prior to display. The .signal processing applicatio~s will be described in the following section.
The data storage and retrieval subsystem consists of three hardware devices for both temporary and archival storage of images in conjunction with a relational data base management system to allow retrieval of those images. Image retrieval is based on one or a combination of several 
SIGNAL PROCESSING ALGORITHMS
Two algorithms for axial resolution enhancement have been included for real-time processing. Wiener deconvolution reduces the bandlimiting effects of the transducer by acting as a regularized inverse filter. In order to demonstrate the application to the imaging of adhesive bonds, Ascans corresponding to bonded and disbanded regions of a titaniumgraphite/epoxy adhesive bond are deconvolved. Figure 2(a) is the pulseecho A-scan from a "good" bond region of the adhesive bond, whereas Figure  2 Fig. 2(a) . A-scan showing the reflection response from a "good" bond in a Ti-Gr/Ep adhesively bonded joint. Fig. 3(a) . Impulse response calculated by Wiener deconvolution of Fig. 2(a) . Fig. 4(a) . Calculated impulse response corresponding to the "good" adhesive bond. Fig. 4(b) . Calculated impulse response corresponding to a disbond in the adhesive bond.
particularly suited to this operation which performs the convolution in a single CPU cycle. The total processing time is much longer, however, with typical acquisition times of approximately 15 milliseconds per A-scan.
In order to reduce the noise component introduced by the Wiener filter operation and to further increase the axial resolution, a superresolution spectrum extrapolation technique, based on an autoregressive model (ASE), has also been implemented. The algorithm utilized here performs a Wiener deconvolution in the frequency domain within a defined bandlimited region of high signal-to-noise ratio. The autoregressive coefficients are then determined for the deconvolved result within the bandlimited region using the Burg algorithm.
[lO] The autoregressive coefficients which define the reliable spectral region are then used to extrapolate the spectrum down to the DC and up to the Nyquist frequency limits. The low-and high-frequency components which contain the majority of the noise are eliminated by the extrapolation process. The inverse FFT of this result is then calculated to form the high resolution result. The ASE algorithm has also been shown previously to be less dependent upon operator input and to reduce the noise that was initially generated during Wiener deconvolution. [2, 7] The performance of the spectrum extrapolation algorithm is data dependent, but processing times of approximately 75 milliseconds per A-scan are typical. The result of the autoregressive spectrum extrapolation applied to the A-scans shown in A third function of the TMS 32020 processor is rapid peak detection within several defined regions of each A-scan in order to form multiple Cscan images. A sample A-scan is first acquired and an interactive graphics program is then used to define all time gates. During data acquisition, the portions of the A-scans which occur within each time gate are then mapped to the external memory of the TM~ 32020 processor. The peak amplitude, the sign of the maximum amplitude and the "time-of-flight" are determined for each of the selected time gates. These values are returned to the video frame buffer and are subsequently displayed as amplitude and time-of-flight C-scan images. The purpose of this utility is to allow the simultaneous acquisition of several C-scans from various depths within the specimen. The peak detection routine is capable of displaying both of the C-scan image formats with up to four time gates and concurrent Wiener deconvolution processing. Fig. 5(a) . Autogressive spectrum extrapolation of the response from a "good" adhesive bond ( Fig. 2(a) ). Fig. 5(b) . Autogressive spectrum extrapolation of the response corresponding to a disbanded region of the adhesive bond ( Fig. 2(b) ).
